Abstract: Due to high cost of fossil fuels and uncertainty regarding future cost and availability, use of sun drying of various agriculture products, vegetables, fruits, fish, milk products, food products, etc. is being practiced largely since ancient times for preservation of agriculture products. Despite many disadvantages of natural drying, almost 80% of farmers are using open sun drying method for drying their crops. Open sun drying, in which the product is spread on ground in open, is the simplest and cheapest method of drying. But there are considerable losses associated with it. So, the advanced method of drying i.e., solar drying can also be used for drying the products and improve the quality. In this paper, comprehensive study of solar drying of various products is presented.
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Introduction
During drying, it is necessary to remove free moisture from the surface and also from the interior of the material. When hot air is blown over the product, heat is transferred to its surface and the latent heat of vaporisation causes water to evaporate. Water vapour diffuses through a boundary film of air. This creates a region of lower vapour pressure at the surface of the grain and a water vapour gradient is established from the most interior part of the grain to the dry air. The gradient provides the driving force for removal of water from the food. In open sun drying, there is a considerable loss due to various reasons such as rodents, birds, insects and micro-organisms (Dulawat et al., 2012) . The unexpected rain or storm further worsens the situation. Further, over drying, insufficient drying, contamination by foreign material like dust dirt, insects, and micro-organism as well discolouring by UV radiation are characteristic for open sun drying. In general, open sun drying does not fulfil the quality standards (Babagana et al., 2012) . The main principle of this solar dryer is based on greenhouse effect where the solar heat is trapped inside the drying chamber and thus increases the temperature. It is a mixed-mode solar dryer utilises both direct and the indirect solar energy collected in the drying chamber heats up the food products. The direct solar energy collected in the chamber converted into heat energy heats up the food product and thus removes moisture from the product (Assefa and Mayilsamy, 2014) The indirect heat energy collected in the solar collector heats up the fresh air entering from atmosphere through air inlet and passed through the bottom of the drying chamber and it collects the moisture from the product and exhausted through air outlet. It is fully based on natural phenomenon and no mechanical and the electrical energy are applied. The fresh air at atmospheric temperature enters the dryer at the bottom end of the solar collector and leaves at the upper most portion of the drying chamber through exhaust air outlet. Such dryers can be used effectively for drying high valued crops (Abur et al., 2014) .
The aim of the dryer is mainly for the welfare of the marginalised and poor farmers those who cannot afford hi-tech facilities and equipments to preserve their agricultural products and to eliminate the unwanted and unpredictable food spoilage due to lack of facilities in the region. Therefore, present study was undertaken for the development of different types of dryer.
Methodology
This section provides the detailed information regarding different types of solar dryer used for drying of different agricultural produce and medicinal plants and methodology applied for the performance evaluation of the solar dryers. Following are the different types of dryer that has been designed and installed at the Department of Unconventional Energy Sources and Electrical Engineering, Dr. PDKV, Akola. Akola is located at latitude 20.7° North and longitude 77.07° East. Following are the different dryers designed for the study. 
Performance evaluation of dryers
The performance of the solar dryers evaluated at no load and full load conditions (Bala et al., 1999) .
No load testing of solar dryers
No load test of solar dryer was conducted without loading the samples in dryer. The test was conducted between 8:30 to 17:30 h. The variation in temperature, humidity and air velocity inside the domestic solar dryer with corresponding to ambient parameters were recorded at 30 min intervals to evaluate the performance of the system.
Full load testing of solar dryer
In full load test the samples were spread over the perforated sheet. The initial weight of the samples was recorded. Each sample of 100 gm was weighted regularly at an interval of one hour and simultaneously the temperature, relative humidity, solar radiation and wind velocity inside the solar dryers was measured. Drying was conducted between 8:30 to 17:30 h day. The drying trays were loaded with samples for its drying. Inside and outside air temperature, relative humidity and wind speed were recorded at one hour interval during the test run.
Drying characteristics
The drying depends on simultaneous heat and mass transfer phenomena and factors dominating each process determine the drying behaviour of the product (Agrawal et al., 2013) .
Determination of moisture content
Initial moisture content of sample was determined by the hot air oven drying method. Samples were taken and weighed using electronic weighing balance of least count 0.01g. The samples were placed in hot air oven. The drying rates were computed from the experimental data and drying characteristics curves i.e., moisture content (db) vs. drying time, drying rate and moisture ratio vs. drying time (Chakraverty, 1988) .
Determination of drying rate
The drying rate, (m w ) was determined from the mass of moisture to be removed by solar heat and drying time.
Drying efficiency of dryer (η)
The drying efficiency of solar dryer is the ratio of heat gained to the heat input. The heat input was calculated by considering total solar radiation incident in aperture area of solar drier during total drying hours in day (Babagana et al., 2012) .
Dryer overview

Details of solar tunnel dryer
Solar tunnel dryer of size 3 × 3 × 2 m was used for experimentation purpose. A solar tunnel dryer is essentially a poly house having tunnel like framed structure covered with ultra-violet (UV) stabilised of 200 micron polythene sheet, where safed musli was dried under at least partially control environment, in which loading and unloading is quite easy. Solar radiation passes through the UV stabilised polythene sheet of the drier and heats the products in the drier. This enhances the drying rate and the temperature in the drier. The ground floor of the solar tunnel dryer was made up of cement concrete and painted by black colour to absorb the maximum heat. In one side of the STD a suitable frame and door assembly was fixed. Chimney was provided on the roof of the STD of 0.15 m dia. to remove the moist hot air. , consisted of absorber covered with single glass and painted black with insulation was fabricated. The absorber was made of black painted aluminium plate with thickness of 0.05 cm (28 SWG). The single layer of plane glass cover with thickness of 0.5 cm was applied on top surface of the collector. The glass was framed with the wooden plates. In the bottom surface back insulation was provided. The heated air goes up into the drying chamber due to the density difference. The distance between absorbed and glass cover was 0.12 m. The solar collector system was facing south tilted at an angle of 27° from the horizontal.
Insulation
The bottom of collector system was insulated with 3.5 cm thick thermocol sandwiched between back plate and absorber plate. Plywood of thickness 18 mm was used for the sides. The edges or sides of the collector were not provided with insulation considering minimum heat losses from sides.
Drying chamber
The drying chamber, where the product is dried, was installed along with the collector. The flowing air picks up moisture from the wet product in the chamber and exhausted to the surrounding by natural convection. The drying chamber was made of C.R. sheet (24 gauge). It consisted of circular inlet vent of G.I. material having a diameter of 75 mm for hot air inlet from the collector. Five trays are provided in the drying chamber. Two galvanise weld mesh are used for trays having opening of 2 × 2 cm and another one having opening of 5 × 5 mm.
Chimney
Above the drying chamber, two chimneys were made as per the design. Chimneys were made up of galvanise sheet (24 gauge) having diameter 10 cm each. 
Details of solar dryer assisted with reflector
A domestic solar dryer integrated with reflector system (6 kg/batch capacity) was developed and installed at Department of Unconventional Energy Sources and Electrical Engg. Dr. PDKV, Akola. It consisted of drying chamber, drying trays, UV stabilised PE sheet as a cladding material, stainless steel reflector and two chimneys. A schematic view of a domestic solar dryer assisted with stainless steel reflector system is shown in figure. As per design specifications of domestic solar dryer integrated with reflector having capacity of 6 kg/batch was designed and fabricated. The drying chamber was fabricated in trapezoidal shape by using L-angle having bottom frame. Top, middle and bottom sliding trays were fixed in the cabinet at a vertical distance of 15 cm fixed on L angle of 2.54 cm size. The tray was fabricated in wire mesh and M.S. flat. The air vents were provided at the bottom both sides and front and back. The drying chamber was covered with ultra violet stabilised polyethylene film of 200 micron thickness. On the top two chimneys with exhaust fans were provided to remove hot moist air. The chimney (40 cm height and 15 cm dia.) was fabricated by using M.S. sheet. Main part is that the reflector of stainless steel was fabricated and hanging at distance by using two rods on the back sides of the drying chamber at centre of L-angle. The provision was made to change the angle so as to track the sun. 
Details of dryer integrated with phase change material
The dryer was installed for drying of vegetables, fruits, medicinal plants, etc. A collector were consists of a GI sheet box containing the 1.75mm thick aluminium sheet coated black with selective coating with 95% absorptivity, insulation of 2.5 mm thickness of glass wool with thermal conductivity of 0.04 Wm -1 K -1 was provided below the absorber plate. The solar collector assembly connected to drying chamber and enclosed with 4 mm thick transparent glass sheet. The solar air heater integrated with thermal energy storage. This exchanger will absorb the radiation and stores the thermal energy to discharge to demand when no radiation.
Heat exchanger
As Paraffin wax is safe, reliable, predictable, less expensive and non-corrosive, chemically inert and stable below 500°C, show little volume changes on melting and have low vapour pressure in the melt form. It was used as phase change material in heat exchanger. The cylindrical aluminium capsule of suitable thickness, length and diameter was used for heat exchanger. The aluminium capsules filled with paraffin wax was coated black with selective black paint. The tubes were arranged parallel to each other in order to make a flat-plate style configuration with air flowing over and under them simultaneously. This complete system was placed in the middle of collector. This exchanger was absorb the radiation and stores the thermal energy to discharge to demand when no solar radiation. 
Results and discussion
Results obtained from the experimental study and discussions about the results obtained during experiments were discussed in this section.
Design of solar dryers
Total quantity of water in product
The initial moisture content for general product to be dried considered as 80%. Dryer was designed for particular capacity. Thus total quantity of water in the product was determined.
Quantity of water to be removed
The initial moisture content in the product was considered as 80% (wb) and final moisture content after drying was assume to be 11% (wb). The mass of water removed per hour was calculated.
Total energy required
The energy required to dry the product was calculated.
Collector area required
Considering the energy requirement and collector efficiency the minimum collector area, of the UV protected plastic sheet, required to remove the water present was calculated (Garg and Kumar, 2000) . In case of solar cabinet dryer the collector area was determined by considering energy requirement at particular mass flow rate of air.
Quantity of air required
The quantity of air required to flow in the solar dryer for efficient working of the system per hour was calculated with the determined quantity of air required; the required volumetric air flow rate was calculated.
Design of chimney
For designing the chimney for air ventilation and draft of hot exit air from the drying chamber, the density of inlet air was calculated, the density of hot exit air determined.
Cross-section area of each chimney
The cross-section area of each chimney was calculated and thus diameter of each chimney was calculated.
Drying efficiency
Drying efficiency of solar dryers for drying of different products based on the experimental data was calculated by considering the total moisture evaporated during the drying process associated with total heat input and heat gained by the product. The results obtained for the drying efficiency of different products dried in solar dryers are depicted in Table 2 . 
Economic evaluation of the solar dryers
Economics of solar dryers for drying of different products was carried out; the different economic parameters of domestic solar dryer are summarised in Table 3 ( Sanchavat et al., 2012) . The different economic parameters were Net present worth, benefit cost ratio, and payback period. These economic parameters were determined by considering initial investment, average repair and maintenance cost, cost of raw material. The average parameter was drawn on the basis of experimental results. The present worth of total cash inflow and outflow for drying of different products in solar dryers were determined. The value of NPW was found positive. Thus, there was a positive net returns of the investment made in the project. On the basis of NPW It is revealed that the system is commercially viable (Boonyasari et al., 2011) . The BC ratio of the system was calculated by dividing present worth of benefit stream and present worth of cost stream. The payback period is the length of time from the beginning of the project until the net value of the incremental production stream reaches the total amount of the capital investment. Hence it is revealed that the investment in solar dryers is profitable and the system was found economically feasible.
Conclusions
Drying is one of the most efficient methods used to preserve agricultural products for longer periods. Solar drying is a possible replacement for sun drying or mechanical dehydration process. Hence solar drying techniques by using different solar dryers have been reviewed in this paper. Solar drying is a process of using solar energy to heat air and the products so as to achieve dehydration or drying of products. The basic function of a solar dryer is to heat air to a constant temperature with solar energy, which facilitates extraction of humidity from crops inside a drying chamber. The food is not exposed to direct sunlight in indirect sun driers as the fresh air is heated separately from the food chamber. From drying efficiency performance of the dryer was predicted which showed that dryers were suitable to dry agricultural produce. Also from the economic evaluation it has been observed that the dryers were economically feasible to dry various agricultural produce.
